I. Twenty-six rats were fed a diet of milk treated with hydrogen sulphide together with copper-free mineral and vitamin supplements; fourteen of these rats were used as controls and were given goo pg Cu per rat per week. Seven other rats were fed a commercial diet.
Copper-deficient rats conceive but resorb their foetuses (Dutt & Mills, 1960; Hall & Howell, 1969) . The sequence of events which occurs during resorption had not been studied and it was not known whether the foetus or placenta was the primary site of damage. The work reported here records the development of lesions in the reproductive tract of pregnant Cu-deficient rats.
EXPERIMENTAL
Animals and diet. Hooded rats were used and at the start of the experiment they were between g and 1 1 weeks old. Seven rats were kept in stock cages and fed a standard laboratory rat diet. Twenty-six rats were kept in Perspex and Pyrex glass-rod cages, modified from those described by McCosker (1967) and fed milk treated with hydrogen sulphide supplemented with Cu-free minerals and vitamins by the procedure described by Hall & Howell (1969), the a-tocopheryl acetate supplement being given in two doses of 1.2 mg each week, Fourteen of these rats acted as controls and received ~o o p g of Cu given as copper sulphate mixed with the minerals and vitamins on 5 days of the week.
Mating of females. Vaginal smears were prepared daily throughout the experiment.
Mating commenced when the rats had been fed the diet for 6 weeks. A stock male was introduced into the cage of a female in oestrus and removed the following morning. The day on which spermatozoa were found in the vagina was called the 1st day of pregnancy. Examination of tissues. Rats were killed on the 10th-16th days of pregnancy inclusive. The reproductive tract was examined and photographed. Uterus, ovaries and mammary gland were fixed in Bouin's fluid and pituitaries were fixed in formolsublimate. Tissues were embedded in paraffin wax, sections were cut at 5 pm and stained with haematoxylin (Mayer's haemalum) and eosin. The pituitaries were also stained by the periodic acid-Schiff procedure as described by Purves & Griesbach (1951) .
R E S U L T S
The uterus. The number of rats, the number of placental sites examined and the number of lesions are given in Table I . The seven stock rats had an average of 17.9 placental sites, fourteen controls had an average of 10.4 and twelve deficient rats had 
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an average of 11.8 placental sites. Three of the stock rats had five sites in which spontaneous resorptions had occurred, seventeen similar sites were seen in seven control rats and fourteen were seen in six deficient rats. Spontaneous resorption was not diagnosed before the 12th day of pregnancy; it was seen macroscopically as a small nodule in the uterine wall. Histologically much necrosis was present in the nodule and the only recognizable tissue was maternal decidua.
In all groups of rats, blastocysts had implanted and foetuses and placentas developed normally until the 13th day of pregnancy. On this day and thereafter the Cu-deficient rats were abnormal (Table I) . On the 13th day the foetuses of the Cu-deficient rats were smaller than those of the control and stock rats (Pl. ~a , b) and histologically
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Foetal resorption in copper-dejicient rats 49 pyknosis and karyorrhexis were seen in foetal tissues (Pl. I C and Table I ). On the 14th day the foetal tissues were disintegrating but the placentas were still intact and contained haemopoietic tissue (Pl. ~d and Table I ). In the Cu-deficient rats killed on the 15th and 16th days of pregnancy the surface of the placental disc and the yolk sac wall had become necrotic and the foetuses were completely disrupted (Pl. 2a, b and Table I ). Mammary gland, ovary and pituitary. Mammary glands, ovaries and pituitary glands were examined from all the adult rats. Deviations from the normal were not observed in any of the groups of rats.
D I S C U S S I O N
Foetal death may be the result of changes which are initiated either in the placenta, as is typical of vitamin A deficiency (Howell, Thompson & Pitt, 1964) , or in the foetus, as occurs in vitamin E deficiency (Evans & Burr, 1927; Urner, 1931) . The result of Cu deficiency in the pregnant rat resembled vitamin E deficiency in that the primary site of damage was the foetus. However, the details of the lesions in Cu and vitamin E deficiency are different. There are some differences in the recorded details of the changes in vitamin E-deficient pregnant rats and these will be briefly reviewed. Evans & Burr (1927) found that the development of the foetuses of vitamin E-deficient rats was retarded until their death during the 13th day of pregnancy. However, Urner (1931) did not find retardation of development of the embryo, but from the 10th day onwards foetal mesenchyme was rarefied, pyknotic nuclei were seen on the 12th day, indicating foetal death, and embryos were not grossly visible after the 12th day. Evans & Burr (1927) did not record placental necrosis until the 20th day of pregnancy, but Urner (1931) found necrosis of the foetal surface of the placenta at the 13th day and the whole placenta was destroyed and cast into the lumen of the uterus by the 17th or 18th day. Both Evans & Burr (1927) and Urner (1931) agree that important changes were seen in mesodermal blood islands from the time of their appearance at the 10th day.
We did not find retardation of foetal development, and the first lesion seen was necrosis of foetal cells at the 13th day of pregnancy (Pl. I C and Table I ). Placental necrosis was first seen on the 15th day of pregnancy and on the following day much of the placental tissue was necrotic (Pl. z a and Table I ). This sequence of events is closer to those seen by Urner (1931) than to those seen by Evans & Burr (1927) . Probably the most significant difference between our findings in the pregnant uteri of Cu-deficient rats and those of vitamin E deficiency is that in our rats the mesodermal blood islands were present until the placenta became necrotic (PI. ~d ) . Furthermore, 'brown uterus' which is a characteristic of vitamin E deficiency has never been seen in our rats even when the uteri were inspected under ultraviolet light (see Moore & Wang, 1947) .
The average number of placental sites was lower in the rats fed the milk than in the animals fed the stock diet. However, there was little difference between the average number of placental sites in the deficient and control groups. Cu deficiency did not appear to inhibit conception.
I969
Five per cent of the placental sites in the stock rats were spontaneous resorptions, whereas both the control and deficient rats had 10 % of spontaneous resorptions. This phenomenon had been seen previously in rats used in reproductive studies (Howell et al. 1964) ' and Telford, Woodruff & Linford (1962) stated that 6-12% of all implantations in rats terminated in resorptions. The size and histological appearance of the lesion indicated that it had occurred during early development. It did not resemble the lesion due to Cu deficiency for in these rats even at the 16th day of pregnancy histological evidence of necrotic foetal tissue could still be seen. 
